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(54) Title: CONTROL OF AN AIRCRAFl^ AS A THRUST-VECTORED PENDULUM IN VERTICAL. HORIZONTAL AND 
fs| ALL FLIGHT TRANSITK^AL MODES THEREOF 



(57) Abstract: An improved aircraft includes a thrust source, a wing, and a boom functioning as a "free lever" and having a distal 
end upon which the thrust is acting and a proximal end about which the boom is freely rotatable to balance forces acting on the 
2 pn3ximal and distal ends of the boom. The proximal end is pivotabiy mounted at or below thexenter of lift of the wing and above 
the center of mass of the aii^craft. The distal end is located above the center of mass of the aircraft, when the lever is in the v^tical 
position to establish a gravity pendulum, and forward of the center of drag of the aircraft, when the lever is in the horizontal position, 
to establish a drag pendulum. All transition flight is a resolution of the force vectors of the two pendulums. A director adjusts the 
1^ vertical and horizontal thrust components of the propulsion system. 
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CONTROL OF AN AIRCRAFT AS A THRUST-VECTORED PENDULUM IN 
VERTICAL, HORIZONTAL AND ALL BLIGHT TRANSITIONAL MODES THEREOF 



CROSS REFERENCE 

[0011 This application claims priority from Provisional Application No. 60/3«8,435 ffled 
June 1 2, 2002, which is incorporated herein by ref^ence in its entirety. 



FIELD OF THE INVENTION 

[0021 This invention relates to aircraft and more particularly to an improved aiiaaft 
incorporating the benefits of a vertical takeoff and landing aircraft, e.g., a rotary wing aircraft, 
and an airplane, e.g., a fixed wing or a flexible wing aircraft, and to an improved aircraft control 
method providing for inherently stable flight in both vertical and horizontal flight, and all 
transition modes thereof. 



types 



BACKGROUND ART 

(0031 Throughout die twentieth century, the prior art has developed for variou 
aircraft. In general, the aircraft can be divided mto two basic types of aircraft. The first tj^e of 
aircraft is commonly referred to as a fixed wing aircraft whereas the second type of ainaraft is 
commonly referred to as a rotary wmg aircraft. 

[0041 In fixed wing aircraft, an engine may transmit output to a horizontally extending shaft 
for rotating a propeller to provide the horizontal thrust to the fixed wing aircraft, hi the 
alternative, the engine may be a jet engine providing horizontal thrust to the fixed wmg aitcr^ 
by the discharge of hot gases. 

(005] A traditional fixed wing airplane must have a forward center of mass. If it did not, and 
the airplane wings entered a stalled condition, there wonld be no means of lowering the nose of 
the aircraft to r^ain flying speed and therefore the aircraft wonld be inh^ently unstable. Ite 
design physics for aiiplanes require, a center of mass forward of the center of lift acting in a 
fulcrum arrangement to provide inherent flight stability so long as the aircraft is in flight mode. 
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This fulcrum airangement provides downward pressure jfirom the tail of the aircrafl: in flight 
whidi counterbalances the static forward center of mass. A fixed wing aircraft is inherently 
unstable below the stall speed of the particular aircraft. The fixed wing aircraft utUizes 
displaceable flight surfaces, the aircraft reacting to forces generated from the airflow over the 
control surfaces during forward flight to achieve control of the aircraft. Flaps, elevators, rudders, 
ailerons, and stabilators are all examples of these types of flight controls. 
[0061 In a rotary wing aircraft, the rotary wing aircraft includes an engine having a vratically 
extending shaft for rotating a rotor to provide a vertical thrust to the rotary wmg aircraft. As the 
rotor rotates about the vertically extending shaft, flie rotor provides a vertical Uft to the rotary 
wmg aircraft. The rotary wuxg aircraft must have a pendulum center of mass. The rotary wing 
aircraft is stable at za:o forward akspeed because the center of mass -of the aircraft is suspended 
as a pMidulum below the center of lift of the rotating rotor. The rotary wing aircraft reUes on 
vectored thrust instead of flight controls to achieve control of the aircraft. Collective pitch, 
diff^ential rotor blade thrust, and cycUc pitch are all examples of fliese types of vectored thrust 
flight controls. Elevators, ailerons are not utilized. The rotary wing pilot is able to alter the thrust 
of the rotor longitudinally, latorally, and vertically, to determine tiie flight path desired. 
[007J Each of tiie rotary wmg aircraft and the fixed wing aircraft has calain advantages and 
disadvantages. The rotary wing aircraft has the advantage of vertical takeoff and landing and 
hovering maneuvers due to the vertical thrust from a rotating rotor. Compared with a fixed wing 
aircraft, the rotary wmg aircraft has the disadvantage of ineflBcient cross country travel, the 
mability for high sp^ horizontal flight, and lower operational altitudes. 

[008] Compared with the rotary wing aircraft, the fixed wing aircraft has the advantage of 
bemg able to travel more efficiently at high speeds and fly at high altitudes;. The fixed wing 
airoraft has the disadvantage of substantial takeoff and landing speed thus requiring a substantial 
runway space for takeoff and landings. In addition, the fixed wing airoraft is incapable of flight 
below operating airspeeds or hovering maneuvers due to the loss of lift over the fixed wing of 
the aircraft due to insufficient speed. 

[009] Those attempts which have tried to create a heliplane, or some sunilar conversion of a 
helicopter into an airplane by attaching a wing to the vehicle, have heea quite unsuccessful. Hie 
spinning rotor creates enormous drag at high forward speeds, and one still has dl the problems 
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with the forward and rearward sweeping rotor blades and the problem that the center of mass 
remains inherently different from an airplane. 

[OlOJ Examples of known "heUplanes" are U.S. Patents Nos. 3,934,843, 4,730,795, 
6,086,016, 5,758,844, and 6,343,768, which are incorporated by reference hisrein in their 
entireties. 

[Oil J All of the previous art has failed to address the ftmdamental difference in the center of 
mass, bofli dynamic and static, between existing vertical flight aircraft (helicopters) and ejdsting 
horizontal flight aircraft (airplanes). 

[0121 AH of the previous art has failed to address the fundamental difference in efficiency 
between the forward movement of vertical flight aircraft (helicopters) and the forward movement 
of existing horizontal fli^t aircraft (airplanes). 

[013] Conversely, all of the previous art has fmled to address the fundamental difference in 
efficiency between the vertical movement of vertical flight aircraft (helicopters) and the vertical 
movement of existing horizontal flight aircr^ (airplanes). 

[014] Althougji many of the United States patents referenced in this application, and othar 
patents of which I am aware, have attempted to provide a hybrid aircraft that has the advantages 
of a fixed wuxg aircraft and a rotary wing aircraft, the aforementioned United States patents fail 
to accomplish this task. None has been a conmiercial success. One fundamental reason why the 
hybrid aircrafts of prior art have failed to accomplish this task is due to a period of mstability 
encountered during the period of transition between the operation as a fixed wing aircraft and the 
operation as a rotary wing aircraft. During this period of transition, the center of mass of the 
hybrid aircraft moves between the operation as a rotary wing aircraft and the operation as a fixed 
wing aircraft, and vice versa. Hie movement of the center of m^s of the hybrid aircraft ^^ates a 
ftmdamental instabiUty in the operation of the hybrid aircraft making the hybrid aircraft difficult 
to control during this trar^ition period. This will be best explamed with reference to Figures 1 
and 2. 

[0151 FIG. 1 is a side view of a conventional rotary wing aircraft lOR comprising a fuselage 
12R and an engine 14R.. The engine 14R is coupled throu^ a vertical shaft 20R &r rotating a 
rotor 30R to provide vertical lift to the rotary wing aircraft ICR A tail section 50R is rigidly 
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secured to tbe fuselage 12R having a tail rotor 56R. The tail rotor 56R has the same function as 
tixe rudder 56F in the conventional fixed wing aircraft lOF ofFiG. 2. 

(016J The rotor 30R of the rotary wing aircr^ lOR provides a center of lift (CL) for rotary 
wing aircraft lOR. The center of mass <CM) is underslung as a pendulum below of the center of 
lift (CL) of the rotary wing aircraft lOR. Since the rotor 30R provides a center of lift (CL) di- 
rectly above ihe center of mass (CM) of the rotary wmg aircraft lOR, the rotary wing aircraft lOR 
can operate as a gravity stabilized pendulum in a hovering mode with zero horizontal speed. 
Control of the rotary wing aircraft is obtained by vectoring the thrust of the rotor. When the 
thrust produced by rotor 30R is vectored in a rearward dkection, a component of the once 
v^cal thrust of the rotating rotor 30R then provides a horizontal thrust component to propel the 
rotary wing airaraft lOR in a forward direction, opposite to the vectored thrust. 

[017] As the thrust produced by the rotor 30R is angled fiirther m ihe rearward direction to 
induce forward motion, the component of the rotating rotor 30R providing lift for the rotary wing 
aircraft lOR decreases in accordance with the cosine of the angle of said thrust in the reaxwaxd 
direction. This is a ftmdamental limitation of a rotary wing aircraft lOR. 

[0181 FIG- 2 is a side view of a conventional fixed wing aircraft lOF comprising a fiiselage 
12F and an engine 14F. The engine 14F is coupled through a horizontal shaft 20F for rotating a 
propeller 30F to provide forward motion to the fixed wing aircraft lOF. The fixed wing aircraft 
lOF includes a fixed wing 40F rigidly secured to the fijselage 12F of the fixed wing aircraft lOF. 
Typically, the fixed wing 40F includes plural ailerons 42F and plural flaps 44F. A tail section 
50F is rigidly secured to the fiiselage 12F and has a horizontal stabilizer 54F and a vertical 
stabilizer 52P. The horizontal stabilizer 54F includes plural elevators 58F whereas the vertical 
stabilizer 52F includes a rudder 56F. 

[019] The fixed wing 40F of the fixed wing aircraft lOF provides a center of lift (CL) for 
fixed wing air^aft lOF. The center of mass (CM) of the fixed wmg aircraft lOF is located forward 
of the center of lift (CL) of fixed wing aircraft lOF. The caiter of mass (CM) being located 
forward of the center of lift (CL), i.e., a forward ccaiter of mass, is necessary to achieve dynamic 
stability in flight and is required to regain control of the fixed wing aircraft lOF in the event of a 
stall condition. 



4 



wo 03/106259 



PCT/US03/18288 



[020] A Stall condition exists when the angle of attack of the fixed wing of aircraft lOF 
exceeds the critical angle needed to mamtain airflow to the upper surface of the wii^. Hie 
airflow then separates from the upper surface of the wing, fherefcy destroying lift and control of 
the aircraft. Since the fixed wing aircraft lOF has a forward center of mass, the loss of lift in the 
stall condition lowers the angle of attack of the wing, thus reestablishing attached airflow over 
the fixed wing 40F to provide adequate lift to support the fixed wing aircraft lOF. The 
reestabUshment of the Uft of the fixed wing 40F enables a pUot to regain control of the fixed 
wing aircraft lOF. Although the fixed wing aircraft lOF has been shown as a single engine 
propeller driven fixed wing aircraft lOF, it should be understood that the same principle of 
operation applies to a jet aircraft and multi-engine variants of both types. 

[0211 As discussed above, many in the prior art of which I am aware have attempted to 
create a hybrid aircraft that combines tihe benefits of the rotary wmg aircraft lOR and the fixed 
wing aircraft lOF. Unfortunately, the hybrid aircraft of such prior art could not solve the problem 
of the fundamental difference in the position of the cento: of mass (CM) between the rotary wing 
aircraft lOR and the fixed wing aircraft lOF. During vertical takeoff, if the aircraft is to be 
fijndamentally stable, then all hybrid aircraft must be operated as the rotary wing aircraft lOR 
with the center of mass <CM) being located as a pendulum below the center of lift<CL) of the 
hybrid akcraft. However, during horizontal flight, if the hybrid aircraft is to be operated as a 
fixed wing aircraft and be inhearently stable, then, the center of mass (CM) must be located 
forward of the center of Uft (CL) of flie hybrid aircraft In such a hybrid, the movement of the 
CCTiter of mass (CM) of the hybrid aircraft creates a period of instability during the transition of 
the hybrid aircraft from the operation as the rotary wing aircraft lOR to the operation as the fixed 
wing aircraft lOF. 



SUMMARY OF THE INVENTION 

[0221 Therefore, it is aa object of this invention to incorporate the baiefits of a vertical 
takeoff and landing mrcraft, e.g., a rotary wing aircraft, and an airplane, e.g., a fixed wing or a 
flexible wing aircraft, in an improved aircraft that is fundamentally stable in all modes of 

• • * ■ 

Operation, including horizontal, vertical and transitional flight modes. 
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[0231 Another object of this invention is to incorporate the benefits of a vertical takeoff and 
landing aircraft, e.g., a rotary wing aircraft, and an airplane, e.g., a fixed wing or a flexible wmg 
aircraft, in an improved ainiraft that overcomes the difficulties of the prior art and provides a 
significant advancement to the airoraft art. 

[024] Another object of this invention is to incorporate tiie benefits of a vertical t^eoff and 
landing aircraft, e.g., a rotary wing aircraft, and an airplane, e.g., a fixed wing or a flexible wing 
aircraft, in an improved aircraft that is based on an entirely new theory of aircraft design and 
aircraft control. 

[025] Another object of this invention is to provide an improved metiiod of contirol for 
aircraft whether in vertical flight, horizontal fli^t, or any ^3•ansition mode, thereof. 

[026] The present invention provides an aircraft, ^mprising a fiiselage, a Ufting wing 
operativeiy attadied to the ftiselage, a boom having opposite distd and proximal end portions, 
the proximal end portion of said boom being pivotally supported on said fuselage, and an engme 
for generating a thrust with a thrust source located at the distal end portion of said boom for 
propelHng the aircraft. A freely adjustable (i.e., wifliout pilot interv«ition) ai^e of orientation 
of said boom balances the thrust generated by said engine with the gravitational, lift and drag 
forces acting upon said airoraft. 

[027] In accordance with an aspect of the present invention, the inventive aircraft has a dual 
pendulum arrangement established, the first bemg a ^avitational paidulum interacting with a 
second Uft/drag pendulum to provide inherent stability in vertical, horizontal and tiransitional 
flight modes. The gravitational forces acting on the aircraft create the gravitational pendulum. 
Hie lift/drag forces genea^ted by tiie ftiselage and the wing create a lifty'drag pendulum which 
intCTact with the gravitational pendulum because both penduluins act on tiie proximal end of the 
free lever shaft. 

[028] In accordance with another aspect of the present invention, a wing, which is preferably 
a free wing, is incorporated into tiie inventive aircraft. Preferably, the free wmg is attached with 
its center of lift at or above, and vertically approximate to the center of mass of the inventive 
aircraft. The fieewing is free to pivot without pilot mterv€aition about a spanwise axis at the point 
of attachment; The free, wing craitributes to the smootti. transition from vertical to horizontal 
flight. It is within the scope of the present invention, in another embodiment, to provide a 
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pivoting wing which can also be mechanically forced to assume a suitable angle of attack in 
response to the vectored thrust. 

(0291 In accordance with yet another aspect of the present invention, the boom acte as a free 
lever. The boom is free to pivot about its proximal end, preferably at least 90 degrees 
longitudinally and without necessarily any lateral restriction. A pair of counter rotating 
proprotois are mounted on the boom. The boom is pivotable about another spanwise axis which 
is also located at or above the center of mass of the aircraft. Advantageously, the axis of the 
boom is located between the axis of the free wing center of Uft and the center of mass of the 
aircraft. More advantageously, the proximal end of the boom and the center of lift of the free 
wing and the center of mass of the aircraft are substantially aUgned m a vertical direction. It is 
also within the scope of the present invention, in another embodiment, to provide a pivoting 
boom which is mechanically forced to assume a suitable angle of orientation in response to the 
vectored thrust. 

[030] In accordance with a further aspect of the pr®ent invention, the inventive ^aft acts 
as a pendulum in botii horizontal fUght and vertical flight - as a gravitational pendulum in 
vertical flight and a lift/drag pendulum in horizontal flight Any flight betwerai pur« vertical or 
pure horizontal is an interaction of the two pendvdums. 

[031] In accordance with still another aspect of the present invention, all of the flight -confrol 
functions, whether in horizontal, vertical or transition flight modes, are reserved into a 
combination of thrust vectoring and dynamic flight controls. 

[0321 In accordance with yet another aspect of the present invention, the inventive aircraft 
fiirther includes a dynamic flight control surface on said boom. Hie dynamic flight contirol 
sur&ce, when operated, imparts a force, perpendicular to its mounting axis, to the boom. As a 
result, the boom's dynamic balance as a thrust vectored pendiilum is displaced and the boom is 
caused to seek a new equilibrium angle which wiU balance tiie forces acting on the distal and 
proximal ends fliereof. Preferably, the dynamic flight control surface is part of a secondary wing 
which, in turn, is, preferably, a free wing. 

{033] In accordance with stiU anotiier aspect, the invention utilizes a common prt^ulsion 
system for bolJi vertical and horizontal flight and which mefliod results in an aircraft which, is 
inherently stable in both vertical and horizontal fli^it and all transitional modes of fli^t. The 
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invention utilizes a dual pendulum arrangement, the first being a gravitational, or static, 
paxdulum and the second being a lift/drag pendulum created by airflow about the wing and 
aircraft The lift/drag pendulum is of a varying or dynamic nature since its force varies upon the 
speed of the airflow about the wmg and aircraft. The effect of the lift/drag pendulum is to reduce 
the net gravitational forces acting upon the proximal end of the free lever shaft to zero in 
horizontd flight. The byproduct of the vertical Uft produced by the wmg is drag in the horizontal 
which creates a dmg pendulum opposed by the thrust of the engine. 

[034] The present invention also provides a method of controlling an airraaft in horizontal 
flight, vertical flight or any transition flight mode between the horizontal and vertical flight. The 
method comprises contirolling tiie aircraft as a tiirust vectored pendulum in all flight modes. The 
method controls the aira-aft as a tiirust vectored gravitational pendulum in tiie vertical and as a 
thrust vectored lift/drag pendulum in the horizontal. The control of the aircraft during tiransition 
between pure vatical and pure horizontal flight is still controlled as a tiirust vectored pendulum, 
the pendulum being the resolution of the net force vectors of tiie gravitational pendulum and tiae 
lift/drag pendulum. 

[035] The present invention also provides an aircraft, comprising a fuselage, thrust 
generating means for generating a tiirust for propeUing tiie aircraft, tiirust vectoring means for 
vectoring said thrust to obtain a vectored thrust, and force balancing means for moving said 
thrust generating means relative to said fuselage, in r-esponse to said vectored thrust, to balance 
gravitational, lift and drag forces acting on said aircraft with said vectored thrust. 

[0361 Still otiia: objects and advantages of the present invention will become readily 
apparent to tiiose skilled in tiie art fiom tiie following detailed description, wherdm tiie preferred 
embodiments of flie invention are shown and described, sunply by way of illustration of tiie best 
mode contemplated of carryiag out the invaition. As will be realized, the invention is capable of 
other aad different embodiments, and its several details are capable of modifications in various 
obvious respects, all without departing from tiie invention. Accordingly, tiie drawings and 
description thereof are to be regarded as illustirative in nature, and not as restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0371 For a foller understanding of the nature and objects of the invention, reference should 
be made to the following detailed desaiption taken in connection with the accompanying 
drawings in which: 

[0381 FIG. 1 is a side view of a conventional rotary wing aircraft; 
[0391 FIG- 2-is a side view of a conventional fixed wing airaraf^ 

[040] FIG. 3 is a side view of an improved aircraft of the present invention in accordance 
with one embodiment thereof; 

[041] FIG. 4 is a top;view of the improved aircraft of FIG. 3; 
[042] FIG. 5 is a front view of the improved aircraft of FIG. 3 ; 

[043] FIG. 6 is a detailed view illustrating a proximal end of a rotary free levw shaft of the 
improved aircraft of Fig. 3; 

[044] FIG. 7 is diagram of the improved aircraft of present invention illustrating a free lever 
boom and counter-rotating rotors in a vertical orientation for operation on a vertical takeoff 
mode; 

[045] FIG. 8 is diagram similar to FIG. 7 illustrating the free lever rotary shaft and rotors in 
a somewhat forward orientation for effecting forward motion to the improved aircraft; 

[046] FIG. 9 is diagram similar to FIG. 8 iUustrating the free lever rotary shaft and rotors in 
an increased forward transitional orientation for effecting inoreased forward motion to the 
improved aircraft; 

[047] FIG. 10 is diagram similar to FIG. 9 illustrating the free lever rotary shaft and rotors in 
a yet fturther forward transitional orientation for effecting further forward motion to the improved 
aircraft; 

[048] FIG. 1 1 is diagram similar to FIG. 10 iUustrating the free lever rotary shaft and rotots 
totally oriented in the forward direction for effecting total forward thrust to the improved aircraft 
by the rotors and with all vertical lift provided by the free wing;. 
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[0491 FIG. 12 is a top view of the aircraft with the boom in the forward direction as shown 
in FIG. 11; 

[OSO] FIG. 13A is a schematic sectional view of a variable coupling which transmits the 
torque produced by the aircraft engine to the fiee lever shaft; 

rOSll FIGs. 13B and 14 are side views showing the free lever rotary shaft in altenrntive 
angular positions; 

1052] FIG. 15 is a side view of the improved aircraft in accordance with a second 
embodiment of the present invention, which utilizes jet engines to generate the tbnist, with the 
ftee lever rotary shaft oriented vatically upwards; 
[053] FIG. 16 is a top view of the aircraft of FIG. 15; 
[054] FIG. 17 is a front view of the aircraft of FIG. 15; 

[0551 FIG. 1 8 is an enlarged view of the right hand side free lever rotary shaft and jet engine 

of the aircraft of FIG. 17; 

[0561 FIG. 1 9 is a side view of FIG. 1 8; 

[0S71 FIGs. 20-21 and 23 are diagrams showing the aircraft of FIG. 15 in various fligW: 
modes with the free lever rotary shaft assumes various orientations; 

[058] FIG. 22 is top view of FIG. 23 ; 

[0591 FIG- 24 is a concept drawing showing a side view of an aircraft, in accordance with 
another embodiment of the pres«it invaition, on the ground prior to vertical taking off; 

[0601 FIG. 25 is a concept drawing showing a top view of the aircraft of FIG. 24; 

[0611 FIG. 26 is a concept drawing showir^ a side view of tiie aircraft of FIG. 24 durmg 

horizontal flight; 

[0621 FIG. 27 is a concept drawing showing a top view of the airaraft of FIG. 26; 

[0631 FIG. 28 is a front view of FIG. 27; 

[0641 FIG. 29 is a front view ofFIG. 24; and 

[0651 FIG. 30 is a top view of FIG. 28. 
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10661 Similar leferenee characters refer to similar parts fluroughout the drawings. 



DETAILED DESCRIPTION OF THE INViaMTION 

Definitions 

[0671 As used herein, the teim "center of thrust" means that point in space at fee intersection 
of the horizontal, vertical, and lateral axis of a thrust. 

[0681 As used herein, the term "center of drag" means that point in space at the intersection 
of the horizontal, vertical, and lateral axis of a drag. 

[0691 As used herein, the term "director" means a mechanism for vectormg the thrust 
produced by the torque of the aircaraft engine. 

[070] As used herein, the term "dynamic equiUbrium" means a state which ranains stable 
while undergoing constant change within a given operating envelope because any change in 
inputs within the operating envelope produces a transition toward, but not necessarily an 
achievement of, a new, but stable, equilibrium. 

[0711 As used herein, the term "free lever" or "free lev^a: shaft" or "free lever boom" or "free 
lever rotary shaft" means a lever located in space which is freely pivotable about an axis to 
assume an angle which balances the forces acting upon the distal and proximal ends of tiie free 
lever. In otiier words, tiie spatial position of tiie free lever is determined solely by interaction of 
iiie thrust acting on one end of the free lever and the gravitational, drag and lift forces acting on 
the other end of the free lever. 

[0721 As used herein, the term "free wing" means a wing attached to an aircraft fuselage in a 
manner such that tiie wing is freely pivotable about its spanwise axis. In oflier words, flie free 
wing has an an^e of attack which is determined soldy by aerodynamic forces during flight. 

[0731 As used herein, the term "lift/drag pendulum" or "drag pendidum" means tiie force 
vector resolution of tiie gravitational force acting on tiie aircraft interacting witii the drag forces 
and tiie lift forces acting upon tiie aircraft. 

[074] As usied herein, the term "sta:tic equilibrium" means a stable, iSxed equililMium state to 
whidi a system will return to after a disturbance is intiroduced and then removed. 
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[0751 As used herein, the term "variable ^joupling" means a coupling which transmits the 
torque produced by tiie engine to the rotors via the free lever shaft throu^out the free lever shaft 
range of motion. 

[0761 Other terms are defined herein where initially discussed. 

Detailed Description 

[077] FIGS. 3-6 are various views of Ihe improved airoraft 110 of present invention. The 
improved aircraft 1 10 comprises a fuselage 1 12 and an engine 1 14. A wing 140, jMreforably, a 
free, wing, is operatively attached to fuselage 112 to produced lift. The center of mass (CM) of 
the improved aircraft 110 is underslimg as a gravity pendulum below the OMiter of lift or 
aerodynamic center of the free wing 140. 

[078] The engine 1 14 is coupled to a rotor assombly through a novel free lever shaft or 
boom 120 extending between a proximal end 121 and a distal end 122 thereof The pro^dmal end 
121 of shaft 120 is coupled to the engine 1 14 tiirough a variable coupling 601 (FIGs. 6, 13A and 
13B). Specifically, proximd end 121 of boom shaft 120 may not be dfrectly connected to ^gine 
1 14, but simply opemtively arranged to fransmit engine output The distal end 122 of the shaft 
120 supports counter-rotating rotors 130 of the rotor assembly to provide thrust to the improved 
aircraft 110. In this example of the invention, the rotor 130 is shown as a counter-rotating rotor 
130 havmg rotor bla^ 131 and 132. The counter-rotating rotor 130 minimizes any bending 
moments and unbalanced torque fi»m being appli«i to free lever shaft 120 or to the frisel^e of 
improved aircraft 110. Advantageously, the free lever operational characteristics of fJie frM> 
lever shaft 120 allows the free lever shaft to freely adjust its angularity to balance the various 
thrust, gravitational, lift, and drag components during operation of the improved aircraft: 110. 
The minimization of any unbalanced torque applied to the fuselage of the improved aircraft 1 10 
eliminates the need for a tail rotor. 

[079] The variable coupling 601 which transmits the torque produced by the aircraft engine 
1 14 to tiiie fr€« lever shaft 120 is schematically illustrated in FIG. 13 A. Engine 114 h^ an engine 
output shaft 1302 couided to drive ring gear 170 which, in turn, meshes witii a pinion 160 fixed 
to the.ptoximal ©nd 121 of shaft 120. the torque produced by. engine 114 is teansmitted from 
engine ojjtput shaft 1302. to ring gear 170 to pmion 160 which causes free lever shaft 120 to 
rotate about its longitudinal axis. Prrferably, the ring gear 170 and pinion 160 are housed in a 
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gearbox case 1308 which is also shown in FIG. 14 but omitted from FIG. 13B. The gearbox case 
1308 is rotatably supported at 1304 by the airframe. There is a thrust bearing 1306 disposed 
between the free lever shaft 120 and the gearbox case 1308. The proximal end 121 of shaft 120 
is pivotally supported by the ftiselage so that the free lever shaft or boom 120 is allowed to freely 
pivot about the proximal end, prefcarably wittun a predetermined range, as shown in FIGs. 13B 
and 14. Since the ring gear 170 and pinion 160 are engaged tinrou^out the free lever shaft range 
of motion, as can be seen m FIGs. 13B and 14, the torque produced by the engine is transmitted 
to the rotors via the free lever shaft continuously. Preferably, the pivot point of the proximal end 
121 of the free lever shaft 120 is coaxial with the en^e output shaft 1302. The pivot point of 
the proximal end 121 is omitted from FIG. 13A for clarity. 

[080] As mentioned above, wing 140, which is preferably a free wing, is pivotably secured 
to the fuselage 1 12 of the improved aircraft 1 10. A free wing, as w«ll known in the art (see, for 
example, U.S. Patents Nos. 5,509,623, 5,769,359, 5,765,777, 5,560,568, 5,395,073, 5,340,057, 
and 5,280,863 which are incorporated by reference herein in their entireties), is a wing attached 
to an aircraft ftiselage in a manner such that the wing is freely pivotal (i.e., without pilot 
intervention) about its spanwise axis which is usually located forward of its aerodynandc center. 
This arrangement enables the wing to have an angle of attack which is determined solely by 
aerodynamic forces during flight and, therefore, subject only to aerodynamic pitching moments 
imposed by wing lift and drag. Rotation of the wing, without pilot intei*vention, induced by 
positive or negative vertical wind gusts striking die wing during flight, causes the angle of 
incidence or pitch between the wing and the aircraft fiaselage to vary so that the wing p-esents a 
constant angle of attack to the relative wind enabling the aircraft to be essentially stall free 
during flight. A free wing may be lockable in selected predetermined, fixed angles of incidence 
with respect to the fiiselage for flight in a fixed wing mode. It should be noted that it is within 
the scope of the present invention to utilizse a fixed wing or a mechanically pivoting wing instead 
of the above-described free wing. However, the use of a free wing in the inventive aircraft has an 
advantage that the lift produced by the free wing gradually increases as the forward speed of tiie 
aircraft increases. In other words, the weight of the airoraft is gradually "tiansferred" to the free 
wing. As a result, the aircraft can smoothly change its flight mode from horizontal or vertical flight 
to any transition flight mode or vice versa. In <3ontrast, if, for example, a fixed wing is used, the 
fixed wing generally does not produce lift bdow the stall speed of the air<:raft. When the forward 
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Speed of the aircraft riches the stall speed, the weight of the aitoraft is "suddenlj^' transferred to the 
wing, causing a shock which may be unpleasant to the arew or passengers of the aircraft. 

1081] Preferably, ttie fi-ee wing 140 includes plural ailerons 142 for lateral confrol in 
horizontal flight of improved aircraft llO, The angle of attack of the free wing 140 may be 
adjusted and the lateral control provided during horizontal flight through the use of plural 
elevons. As can be seen in Fig. 5, fi-eewing 140 is pivotally connected, at 146, to a supportmg 
portion 148 of ftiselage 1 12 for free rotation about a spanwise axis 146. 

[082] The improved aircraft 110 may include any number of means of controlling yaw 
stability in horizontal flight including wing tip vertical stabilisers and rudders, tail mounted 
vertical stabilizers and rudders, or clam-shell ailerons. The improved aircraft 110 may include 
any number of means of controlling yaw stability in vertical flight including ventral mdders 
within the rotor wash, or differential rotor torque. In the illustrated embodiment, the improved 
aircraft 110 includes tail section 150 rigidly secured to the ftiselage 112 having a vertical 
stabilizer 152 and rudder 156. 

[083] In contrast to the rotary wing aircraft lOR of the prior art, the free lever s&ift 120 and 
the rotor 130 of the improved aircraft 110 are free to move dynamically to bdance thrust and 
drag forces as the rotor shaft operates between a substantially vertical orientation and a 
substantially horizontal orientation. The shaft 120 and the rotor 130 are freely pivotable relative 
to the ftiselage between a substantially vertical direction and a substantially horizontal direction 
without tilting the ftiselage 112. 

[084] The rotor 130 of the improved aircraft 110 provides a common thrust (T) for the 
improved aircraft 1 10 whether the aircraft is in vertical or horizontal flight. The free wing 140 of 
the improved aircraft 110 provides a variable lift <L), depending upon fihe speed of airflow about 
the wing, for the improved aircraft 110, which lift, while not linear in relationship to the 
horizontal speed of the improved air<:raft 1 10, is without discontinuities because the wing cannot 
stall. The center of mass (CM) of the improved air<a:aft 1 10 is located at or below the ^nter of 
lift (L) of the free wing of the improved aiixsraft 1 10. In the embodiments of FIGs. 3-23, the 

center of mass (CM) of the improved aircraft is located below the center of lift <L) of the free 

» • • . 

. • • 

wing or wing. In the embodiment of FK5s. 24-30, the center of mass <CM) of the improved 
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aircraft is located substantially €o-ekvational with the center of lift (L) of the wing or free wing 
when the fiiselage is oriented horizontally. 

[085] The thrust <T) of the rotor 130 provides a lift and/or forward thrust for the improved 
aircraft 110. Hie lift and/or forward thrust provided by rotor 130 can vary depending on the 
forward tilt angle 9 of boom 120, as will be best understood in the following description with 
reference to Figs. 7-1 L The pivotable free wing 140 provides a lift and drag for the improved 
aircraft 110. The lift and drag provided by freewing 140 can vary depending on the airflow 
about the freewing and, hence, on the forward thrust provided by rotor 130. The variable lift 
and/or variable forward thrust of the rotor 130 and the variable lift of the pivotable free wing 140 
and the characteristic free lever movemeait of the shaft 120 act in concert for providing the 
proper forward thrust and proper upward lift to the improved aircraft 1 10 as will be explained in 
greater detail hereinafter. The free wing 140 supplies the necessary vertical lift to tiie improved 
aircraft 1 10 lost by the angular orientation of the rotor 130. 

[086] FIG. 7 is a diagram of the improved aircraft 1 10 illustrating the angular position of the 
rotor shaft 120 and the rotor 130 for enabling the improved aircraft 110 to ascend in vertical 
mode. 

[087] The rotor shaft 120 and the rotor 130 are oriented in a vertical orientation. When the 
rotor shaft 120 is oriented in a vertical orientation, all of the thrust of the rotor 130 is directed in 
an upward direction. The center of mass <CM) of the improved aircraft 1 10 is located below the 
center of lift of the vertically oriented rotor shaft 120. The free wing 140 provides minimal or no 
lift for the improved aircraft 1 10 under this mode of operation. In this mode of op^ation, the 
improved aircraft 110 fiinctions much as the rotary wing aircraft lOR shown in FIG. 1 with a 
sling load. • 

[088] Figs. 8-1 1 are diagrams similar to FIG. 7 illustrating the rotary shaft 120 and rotor 130 

in progressively forward orientations from the vertical. The thrust from rotor 130, acting on the 

distal end 122 of the free lever shaft, is vectored (e.g. by a pilot-<5ontrolled director 501 

schematically shown in Fig. 5) to produce a forward motion to the improved aircraft 110. The 

forward motion produces lift and drag forces upon the fi-eewing and the fuselage. The net 

gravitational forces produce a force which acts upon the proximal end 121 of the free lever shaft 
• . • ' • * ' • ' 

120. The lift md <kag forces also act upon the proximal end 121 of the free lever shaft to 
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establish a new angularity for the fr«e lever shaft which will balance the thrust forces acting on 
the distal end of the fi«e levea: shaft interacting with the gravitational force and the Uft and drag 
forces acting upon the proximal end of the free lever shaft. The free lever shaft 120 and rotor 
130 assume an orientation m the forward direction which balance the thrust forces acting on the 
distal end of the free lever shaft opposed by the gravitational, lift and drag forces from the whig 
and aircraft actmg upon the proximal end of the free lever shaft. The free lever shaft 120 is 
stabilized when the forces acting on its distal and proximal ends 122, 121 are balanced. 
Vectoring the thrust, by pilot or fli^t control intervention, at an angle different than the 
stabilized angle will cause the free lever shaft to automatically seek a new equilibrium angle 
which balances tiie thrust, gravitational, Uft, and drag forces acting upon the aircraft. 

[0891 ^ Figs- 8-11, the rotary shaft 120 is stabilized at various angles (15°, 45°, 60°, and 
90°, respectively) in the forward dfrection. A vertical component (T.cosG) of the thrust (T) is 
directed in an upward direction for liftmg the unproved aircraft 110. A horizontal component 
(T.sme) of the thrust (T) is directed m a horizontal direction for moving the improved akcaraft 
1 10 in a forward direction. The forward motion of flie improved akcraft 110 created airflow 
across the free wing 140. The rear edge of free wing 140 gradually rotates iq>wards <as can be 
seen m FIGs. 7-1 1) to provide an upward Uft for lifting the improved aircraft 1 10. The vertical 
component (T.cosO) of the thrust (T) added to the upward Uft of the free wing 140 provides the 
required Ufting capacity to maintain the improved aircraft 1 10 at a stable elevation. 

[090J In Fig. 11, the vertical component of the thrust (T) for lifting the improved aucraft 
1 10 is zero. The horizontal component of the thrust (T) for moving the improved aircraft 1 10 in 
the forward dfrection is (T). The upward lift of the free wing 140 provides the total required 
Uftmg capacity for liftmg the unproved aircraft 1 10. The aircraft, airspeed is such that the drag 
about the improved aircraft 11 0 is equal to the thrust (T). 

[091] As mentioned previously, the free lever shaft 120 is free to angularly orient its 4istal 
ead 111 to obtain a dynamic equiUbrium between the thrust components t>eing applied to the 
distal end of the free lever 120 by the aircraft engine 114,. balanced by the lift and drag 
components of the free wing, the drag components of the ftisdage, and the ^vitational force 
acting upon the proximal end of the free lever shaft. From a givien equiUbrium, a direotor 

• * • * 

(schematically shown at 501 m Fig. 5) vectors the horizontal and vertical thrust jwoduoed by the 
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aircraft engine and tiie free l&vcr shaft is caused to freely adjust its angalarity about its proximal 
end 121 to obtain a desir^ new equilibrium. The thrust vectoring may be accomplished throng 
any number of means common to the art, such as a collective and swash plate controlling the 
pitch of the rotor blades, servo tabs on the rotor-blades, or a gimballing mechanism on the rotor 
shaft. Another exemplary thrust director is described m U.S. Patent No. 5,507,453 which is 
incorporated by reference h^ein in its entirety. 

[0921 As an example of the fimction of the director 501, for a given forward speed in stable 
horizontal flight, if the director varies the given horizontal and vertical thrust components such 
that more vertical thrust is produced compared with the horizontal flirust, flien flie free lever shaft 
will freely rotate about its proximal end to seek a new equilibrium for the aircraft, i.e., at a lower 
airspeed, but with an increasing altitude. 

[093] The above described structure of the aircraft in accordance with the presCTit invention 
includes a dual pendidum arrangement with a gravitational pendulinn interacting with a lift/drag 
pendulum to provide inherent stability in vertical, horizontal and any transitional flight modes. 
The gravitational or static pendultim D extends from F or the center of mass CM of the aircraft to 
tiie pivot point C of the proximal end 121 of the free lever shaft 120. The free lever or dynamic 
pendulum A extends from the center of thrust B at the distal end 122 of the free lever shaft 120 
to the pivot point C of the proximal end 121 . As best seen in FIG. 7, when the improved aircraft 
is in the pure vertical, the gravitational pendulum and free lever pendulum overlap and coincide 
to include a pendulum mass at F or the center of mass CM of the aircraft and a moment arm 
equal to the distance from the center of thrust B to the center of mass CM of the aircraft. 

[094] Since flie free lever shaft is freely pivotable at pivot point "C", which is the proximal 
end of the free lever, all forces from tine center of mass act upon the proxhnal end of the free 
lever. The wing creates a lift and drag force upon airflow about tihie wing vMeh acts upon the 
aircraft, but since mounted within the aircraft is the pivotable end of the free iever, all lift and 
drag forces from the wing act upon the {proximal end of the free lever. The fuselage creates a 
drag (and perhaps a lift) force upon airflow shout the ftiselage which acts upon the aircraft, but 
since mounted within the aircraft is the pivotable end of the free lever, all lift and drag forces 

ft 

fiom tiie fuselage resolve to act upon the proximal end of the free lever. The gravitational forces 
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oreate a gravitational pendulum and the lift/drag forces create a lift/drag pendulum wMcJi interact 
because both act on the proximal end of the free lever shaft 

(095] In the improved aircraft, the gravitational forces interacting with tiie Uft/drag forces of 
the aircraft, all acting upon the proximal end of the free lev^ shaft, creates a dynamic pendulum 
whidi is a force vector resolution of - said forces. The creation of Uft by the wing, and its 
byproduct drag, causes the progr^sive reduction of the net gravitational tbrce actmg on the 
proximal end of the free lever shaft to be reduced to zero and, simultaneously, causes the 

» 

progressive increase in the horizontal drag force acting on said proxhnal end to be uxcr^ased 
equal to the thrust actmg on the distal end. When the net gravitational force actmg on said 
proxhnal end is equal to zero, the free lever shaft can be balanced in a horizontal angle. 

[096] Although, in the foregomg section, the freewmg and the free lever sh^ are described 
to be freely pivotable, it should be understood that it is possible to Innit the freely pivotable 
movement of the free wmg and/or the free lever shaft to withm a predeteonined range. For 
example, stops (not shown) may be provided to prevent free lever shaft 120 from pivoting 
beyond tiie horizontal and vertical positions depicted m FiGs. 1 1 and 7, respectively. Within tiie 
angular sector defined by the horizontal and vertical positions, the free lever shaft is freely 
pivotable. It is within the scope of the present inv«ition to provide a locking mechanism for 
locking tiie free lever shaft at a predetermmed angle, e.g., vertical, when tiie unproved aircraft is 
stationary on the gromd prior to firing the air<araft engine. The locking mechanism is released to 
allow the free lever shaft to pivot fiieely during flight. 

[097] FIQs. 15-23 are illustrations of a second embodiment of the present invention wherein 
the rotor is replaced with jet emgmes 214 which can dso be prop engines, etc. In this 
embodimcait, two fi»e lever shafts 220 each supporting one jet engine 214 are- used. It is, 
however, within the scope of tiie pt^ent invention to provide any otiier number of free lever 
shafts and jet engines. 

[098] Each jet engine 1 14 is coupled through one free lever shaft 220 extending between a 
proximal end 221 and a distal end 222. The proxhnal end 221 is pivotally supported by tiie 
fuselage 212 via elements 260, 270. 

[099] The improved aircraft. 210 in tiiis .ranbodiment also mcludes a wing 240, which is 
prefea^ably a free wmg like the free wing Ulusttated in FIGs. 3-11 of tiie first embodiment. 
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PMerably, the firee wing 240 includes plural ailerons 242 for lateral control in horizontal flight 
of the improved aircraft. The angle of attack of the free wing 240 may be adjusted and the lateral 
control provided during horizontal flight through the use of plural elevons. Fr^ewing 240 is 
connected to a supporting portion 248 of fuselage 212 for free rotation about a spanwise axis 
246. The improved aircrafl: 210 further includes tail section 250 rigidly secured to the fiiselage 
212 having a vertical stabilizer 252 and rudder 256. 

[0100] The improved airoraft 210 ftmctions similarly to the airCTaft 110 of the first 
embodhnent. In particular, when the thrust generated by jet engines 214 is vectored, e.g., as shown 
in FIG. 20, free lever shaft 220 is caused to freely pivot to sedc a new dynamic equilibrium as 
illustrated in FIG. 21. Preferably, in the new dynamic equilibrium of FIG. 21, the free leva: shaft 
220 is slanted gaiearally at the same angle as the thrust line of the vectored thrust (generally, the 
axial direction of the jet engine 214 as shown in FIG. 20). FIGs. 22-23 show the aircraft of the 
second embodiment in horizontal flight with the booms 220 and the toust lines of the jM engines 
214 oriented horizontally. Note, the angle of attack of free wing 240 changes gradu^y from FIG. 
21 to FIG. 23. 

[0101] The thrust generated by two jet eaigines 214 may be vectored synehronically or 
separately. The jet engines may be replaced with propellers or turboprops, 

[0102] FIGs. 24-30 show a third embodiment of the present invention which is basically 
similar to the first ^bodiment. In particular, aircraft 300 is iUustrated as being stationary on 
ground 2400 prior to taking off. Aircraft 300 includes fljselage 2415, free wing 2414, wheels or 
landing gear 2402, 2404, and free levear shaft 2416 havmg a proximal end pivotally supported by the 
fiiselage and a distal aid supporting rotor 2418. 

[0103] This ranbodiment is different from the first embodiment in that secondary lateral and 
ventral dynamic fli^t control surfaces, e.g., 2709, are attached to the free lever shaft between the 
distal and proximal ends, 2422, 2421 of said shaft, and, preferably, towards the distal end 2422 
as best seen in FIG. 27. 

[0104] The lateral dynamic flight control surface may be a wing with conferol svrfaces, a 
pivotable wmg, or in accordance with a pi^ferred embodiment of the present invention, a 
freewing 2708 with control . surfaces 2709. , A secondary free wing, is prefeix^ because in 
vertical or near vertical flight as shown in 29, the Ufl causedby the vea^ically oriented thrust 
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is not significantly affected by the presence of the secondary wing. The ventral dynamic flight 
control surface (not shown) may be wing tip vertical rudders, wing tip clam-shell type rudders, 
or a cruciform rudder. 

[0105] In the first embodiment, the vectoring of tiie thrust produced by tiie rotor 130 is . 
accomplished as, e.g., in a convaitional helicopter, i.e., by varying the angle of attack by the 
rotor blades 131, 132 as the rotor blades aie rotated. This variation of the blade angje of attack 
might be accomplished, in accordance with an aspect of the present inv^ition, by the use of 
swashplates, or by secvo tabs on the rotor blades. In accordance with anotha: aspect of the 
present invention, the entire rotor head (near referaace numeral 122 in FIG. 3) mi^t be angled 
by a gimballing mechanism of the rotor shaft. However, all of these methods are relatively 
mechanically complex. The secondary lateral (e.g., 2709) and ventral control surfeces of tiie 
third embodiment provide a new, improved and simplified method of vectoring the thrust acting 
on the distal end of the free lever. 

[01061 More specifically, in the third embodiment, the secondary wing 2708 has the lateral 
dynamic flight control surfaces 2709 which impart a force perpendicular to the secondary wing 
lateral mounting to the free lever shaft. The free lever shaft's dynamic balance as a thrust 
vectored pendulum is displaced and the shaft is caused to seek a new equilibrium angle which 
will balance the forces acting on the distal and proximal ends of the free lever shaft, hi this 
manner, the forward and rearward thrust of the rotor may be controlled when the free lever shaft 
is proximally in the vertical position, and the upward and downward tiirust of the rotor may be 
controlled when the free lever shaft is proximally m the horizontal position. The secondary wing 
2708 is preferably a freewing because the wing will be freely pivotable about its spanwise axis to 
balance the vertically flowing air from the rotor with the horizontal airflows asa)ciated with the 
forward motion of the aircraft. 

[01071 Likewise, the secondary ventral dynamic fli^t control surface in^arts a force to its 
venfral mounting to the free lever shaft. Again, the free lever shaft's dynamic balance as a thrust 
vectored pendulum is displaced and the shaft is caused to seek a new equilibrium angle, hi this 
manner, tiie lat^al thrust of the rotor <roll axis of the aircraft) may be <X)ntrolled when the fr«e 
lever shaft is proximally in the vertical position, and the yaw thrust of the rotor (yaw axis of the 
aircaraft) may be t^nttolled whai the ifree lever shaft is proximally in the horizontal position. 
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Differential displacement of either or both of the lateral and ventral control surfaees imparts a 
roUing force to the aircraft. In this manner, the thrust of the rotor may be used to control the 
yaw axis of the aircraft when the free lever shaft is proximally in the vertical position, and the 
roll axis of the aircraft when the free lever shaft is proximally in Uie horizontal position. 

[0108] The improved aircraft of the present invention solves a number of problems involved 
with the fimdamental fimctional usage of aircraft, and has the following advantages over the art. 
First, the inventive airOTaft is stable in aU flight modes, whether in horizontal, vertical or any 
transition flight modes. Second, flight safety in the inventive aircraft is enhanced because flie 
Aving m tlie aircraft of the present invention does not stall. Third, the operational efficiency of 
the aircraft of the present invention is increased, especially during cruise flight, as the wing can 
be sized smaller to produce less drag and the rotor can be of a large size. 
[01091 Although the invention has been described in its preferred form with a tjCTtain degree 
of particularity, it is understood that the present disclosure of the preferred form has berai made 
only by way of example and that numerous changes in the details of construction and the 
combination and arrangement of parts may be resorted to without departing from the spirit and 
scope of the invention. For example, although the embodiment in the foregoing description uses 
a rotor as means for gaierating thrust, it is wifliin the scope of the present invention to provide 
the improved aircraft with alternative means for generating thrust, e.g., a jet engme or jet 
engines. For another example, althou^ the embodiment in the foregoing description uses a 
freewing as means for generating lift, it is wifliin the iscope of flie present invention to provide 
the improved aircraft with alternative means for generating lift, e.g., a mechanically pivoting 
wing. For another example, a computer system could be utilized to determine that ai^arity of 
flie free lever shaft which balances flie flmist and drag forces and flien move flie lever to fliat 
angle mechanically. It is, flierefore, intended that the protection granted hereoii be limited only 
by the definition contained in the appended claims and equivalents thereof 
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CIAIMS 



1 . An aircraft, comprising: 
a !&iselage; 

a lifting wing operatively connected to said fuselage; 

a boom having opposite distal and proximal end portions, the proximal end portion of 
said boom being pivotally supported on said fiiselage; 
an engine; and 

a source of propulsion connected to the engme for generating a tiurust at the distal end 
portion of said boom for propelling the aircraft; 

wherein said boom is freely pivotable about the proximal end to assume an angle of 
orientation that balances the thrust generated by said engine with the gravitational, lift and drag 
forces acting upon said aircraft 

2. The aircraft of claim 1 , wherein said wing has an aerodynamic cmter and is 
pivotably mounted to said fuselage about a spanwise axis forward of said aerodynamic center. 

3 . The aircraft of claim 2, wherein said wing is one of a freewmg and a medianically 
pivoting wing. 

4. The aircraft of claim 1 , wherein said boom is a free lever that is freely pivotable 
about the proximal end portion to assume the angle of orientation that balances the thrust 
xrenerated by said engine with the gravitational, lift and drag forces actmg upon said aircraft. 

5. The aircraft of claim l.ftirther comprising a means for vectoring said thrust. 

6. The aircraft of claim 1 , wherein said wing has an aerodynaihic center, said air^iraft 
has a center of mass, and tiie aerodynamic center of said wing is located at or above the center of 
mass of said aircraft. 
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7. The aircraft of claim 6, whoreirk the proximal end portion of said boom is 
disposed between the aerodynamic center of said wing and the center of mass of said aircraft. 

8. The aircraft of claim 1 , wherein the proximal end portion of said boom is 
operatively coupled to said engine to transmit an engine output to flie distal end portion of said 
boom, said aircraft fiirther comprising a coupling pivotably connecting the proximal end of said 
boom to said engine. 

9. The aircraft of claim 1, wherein said source of propulsion comprises a rotor 
connected to the distal end portion of said boom, said rotor being driven by said engine to 
produce said tiiurust 

10. The aircraft of claim 9, wherein said boom comprises a rotating shaft for rotatmg 
said rotor which is a counter rotating rotor. 

1 1 . The aircraft of claim 1 , wherein said boom is pivotable at least 90 de^ees in a 
forward direction. 

12. The aircraft of claim 6, wherein the center of thrast located on the distal end 
portion of said boom is disposed above the center of mass of the aircraft when said boom is 
oriented vertically upward. 

13. The aircraft of claim 6, wherem flie center of thrust located on flie distal end 
portion of said boom is disposed forward of the center of drag of said aircraft when said boom is 
oriented horizontally forward. 

14. The aircraft of claim 1 , wharein 

said ftiselage has a gravitational for<^ and exerts a drag force upon airflow about said 
ftiselage,. 

said wing exerts lift and dmg forces upon airflow about said wing, and 
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said boom pivots to create a dynamic equilibritim between the horizontal and vertical 
components of said thrust, said lift and drag forces of said wing, and said gravitational and drag 
forces of ^aid fiiselage. 

15. The aircraft of claim 14, further comprising a Hbmst director for vectoring and 
modifying said thrust for changing the dynamic equilibrium of said aircraft 

16. The aircraft of claim 7, wherein a rotational axis of the proximal end portion of 
said boom, the aerodynamic c^ter of said wing and the center of mass of said aircraft are 
substantially aliped vertically. 

1 7. The aina-aft of claim 1 , wherein said eai^ne comprises a jet engine installed at the 
distal end portion of said boom. 

1 8. The aircraft of claim 1 , further comprismg at least one dynamic flight control 
surface on said boom, said dynamic flight control surface being controUably reoriented by a pUol 
or aircraft control to vector the thrust, said boom being free to pivot to assume a new angle of 
orientation that balances the thrust generated by said engine with the ^avitational, lift and drag 
forces acting upon said airoraft. 

1 9. The aircraft of claim 1 8, further comprising a secondary wmg mounted on said 
boom wherein said dynamic flight control surface is part of said secondary wing. 

20. The ahcraft of claim 1 9, wherem said secondary wing is a free wing. 

21 . The aircraft of claim 1 8, wherein said at least one dynamic fli#it control surfece 
comprises lateral and ventral dynamic flight control surfaces. 

22. A method of controlling an aircraft in horizontal flight, vertical flight or any 
transition flight mode between the horizontal and v«tical flight, said mediod con^rismg flie 

* ■ • ' * * ■ ' 

steps of: 
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generating a thrust, sufficient to lift the aircraft either directly or through a lifting wing, at 
a distal end portion of a boom pivotally supported at a proximal end portion thereof by a faselage 
of the aircraft; 

vectoring the thrust toward a d^ired fli^it direction; and 

peraiitting the boom to freely pivot to assume an angle of orientation ihat balances the 
vectored thrust with the gravitational, hft and drag forces acting upon the akcraft. 

23. The method of claim 22, wherein said pivoting comprises pivoting the boom 
about a rotational axis that is located at or above the center of mass of the aircraft. 

24. The method of claim 22, wherein said vectoring comprises modifying the 
horizontal component of the thrast to give the aircraft a predetermined airspeed at which a wmg 
of the aircraft provides a lift, at or above the center of mass of the aircraft, lhat is equal to the 
weight of the aircraft. 

25. The method of claim 22, wherein ^aid pivoting comprising allowing the boom to 
freely pivot about the proximal end portion, between a predominately vertical orientation and a 
predominately horizontal orientation, to assume an angle which balances the gravitational, lift 
and drag forces of the aircraft with the vectored thrust. 

26. The method of claim 25, wherein the thrust is vectored to establish a different 
resultant angle which the boom freely assumes, as a result of said pivoting, to balance the forces 
acting on the aircraft as a result of the vectored thrust acting on the distal end portion. 

* 

27. The method of claim 22, further comprising allowing a freewing of the aircraft to 
freely pivot for producing a Kft and drag upon auilow about the wing in response to said thrust 
vectoring. 

28. The method, of claim 27, further comprising positioning a center of lift of said 
wing at or above the center of mass of the air^aft: 
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29. The method of claim 22, fiirther comprising forcibly pivoting a wing of the 
aircraft about a spanwise axis for producing a lift and drag upon airflow about the wing in 
response to said thrust vectoring, said wing having a center of lift at or above the center of mass 
of the aircraft. 

30. The method of claim 22, wherein said pivoting is automatically performed 
without pilot intervention. 

31. An aircraft, comprising: 
a ftiselage; 

thrust generating means for generatmg a thrust for iwropelling the aircraft; 

thrust vectoring means for vectoring said thrust to obtain a vectored thrust; and 

force balancing means, movably connecting said thrust generatmg means to said fuselage, 

for balancing, in response to said vectored thrust, gravitational, lift and drag forces actmg on said 

aircraft opposed by said vectored thrust. 

32. A method for the control of an aircraft in horizontal or vertical flight and all 
transition modes thereof, said method comprising the steps of: 

generating sufficient timist to lift the aircraft using a thrust sovurce; 

vectoring said thrust to achieve one of said horizontal, vertical and transition flight 

modes; 

said thrust being located on an armature or boom having a disM and proximal end and 
which boom is freely pivotable longitudinally during flight operations about its proximal end; 

said thrust bemg located toward the distal end of said boom such that tiie thrust is above 
the center of mass of the aircraft if the boom w^e to be pivoted vertically and the thrust line 
firom said thrust is directed vertically downward such that the aircraft operates as a thrust 

vectored gmvity pendulum; and 

said thrust being located toward the distal end of said boom such that the thrust is forward 
of the center of drag of the aircraft if the boom were to be pivoted horizontally and the thrust line 
from said thrust is directed horizontally rearward such that the aircraft operates as a thrust 
vectored drag pendulum; 
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33. The method of claim 32 , wherein the proximal end of the boom is located at or 
above the center of mass of the aircraft and wherein a wing provides lift at or above the center of 
mass of the aircraft and wherein at some detennii^d airspeed the lift of the wing is equal to the 
weight of the aircraft. 

34. The method of claim 33, wherein the boom is freely pivotable about its proximal end 
between a predominately vertical and a predominately horizontal orientation, said boom being 
freely able to assume an angle which balances the lift and drag forces of the aircraft and the wmg 
such that flie aircraft operates as a thrust vectored gravity pendulum in vertical fli^t or as a 
thrust vectored drag pendulum in horizontal fli^t. Any angle which the boom freely assumes 
between vertical or horizontal bemg that angle which balances the forces acting on the gravity 
pendulum and those forces acting upon the drag pendulum. 

35. The method of claun 34, wherein the thrust is vectored to establish a diffi^rent 
resultant angle which the boom freely assumes to balance the forces acting on the ^avity 
pendulum and those forces acting upon the drag pendulxmi. 

36. The method of claim 34, wherem the wing which is employed is a freewing 
pivotably supported by said faselage for producing a lift and drag upon airflow about the free 
wing. 

37. The method of claim 34, wherein the wing which is employed is a freewing whose 
center of lift is at or above the center of lift of the center of mass of the aircraft. 

38. The method of claim 34, wherein the wmg which is employed is a pivoting wing 
whose center of Uft is at or above the center of lift of the center of mass of tiie aircraft. 

39. A method for the control of an afccaraft in horizontal. flight, said method comprising 

* 

the steps of: 

generating thiust to the aircraft using a thrust source; 
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vectoring said thrust to achieve said horizontal fli#it; 

said thrust bemg located on an armature or boom having a distal and proximal end and 
which boom is freely pivotable longitudinally during fli#it operations about its proximal end; 

said thrust being located toward the distal end of said boom such that the Ihrust would be 
above the center of mass of the aircraft if the boom were to be pivoted vertically and said thrust 
is directed vertically downward such that the aircraft operates as a thrust vectored gravity 
pendulum; and 

said thrust being located toward the distal end of said boom such that tbe thrust would be 
forward of the center of drag of the aircraft if said boom were to be pivoted horizontally and said 
thrust is dkected horizontally rearward such that the air<a:aft operates as a thrust vectored drag 
pendulum; 

40. The method of claim 39, wherein the proximal end of the boom is located at or above 
the center of mass of the aircraft and wherein a wmg provides lift at or above the center of mass 
of the aircraft and wherein at some determined airspeed the lift of the wing is equal to ike weight 
of the aircraft. 

41. The method of claim 39, wherem the boom is freely pivotable about its jMTOximal end 
between a predominately vertical and a predominately horizontal orientation, said boom being 
freely able to assume an angle which balances the forces acting on the gravity pendulum and 
those forces acting upon the drag peiklulum. 

* 

42. The method of claim 39, wherein the thrust is vectored to establish a different 
resultant angle which the boom freely assumes to balance the forces actmg on the gravity 
pendulum and those forces acting upon the drag pendulum. 

43 . The method of claim 39, wherein the wing which is employed is a freewing 
pivotably supported by said fiiselage for producmg a lift and drag upon airflow about the free 
wing. 
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44. The method of claim 39, wherein the wing which is employed is a freewing whose 
center of lift is at or above the center of lift of tiie center of mass of the aircraft. 

45. The method of claim 39, wherein the wing which is employed is a pivoting wmg 
whose center of lift is at or above the center of lift of the center of mass of the aircraft. 
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